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PURPOSE:To obtain a reactive organopolysiloxane having excellent weather resistance, thermal 
resistance and durability which is valuable as a modifier for inter-material adhesion by providing a structure 
comprising at least one specific organic reactive functional group, condensable silylalkyl group and 
polyoxyalkylene group in each molecule. 

CONSTITUTION:The title compound has in its molecule a silicon atom and, directly bonded thereto,, at 
least one organic reactive functional group (a) of formula I (wherein R<1> represents a direct bond or a 1- 
20C divalent hydrocarbon residue and X represents a functional group having an organic reactivity), at 
least one condensable silylalkyl group (b) of formula II (wherein R<2> represents a 2-5c alkylene group; 
each of R<3> and R<4> independently represents a hydrogen atom or a 1-5C alkyl group; and a is 2 or 3), 
and at least one polyoxyalkylene group (c) of formula III (wherein R<5> represents a hydrogen atom, an 
acyl group or a monovalent hydrocarbon residue; I or 0 or a positive integer; and each of m and n is 0 or a 
positive integer of 150 or less, provided that m+n in an integer of from 1 to 150). 
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(54) [Title of the Invention] REACTIVE ORGANOPOLYSILOXANE 



(57) [Abstract] 

[Constitution] Reactive organopolysiloxane of the following formula (Y= organic reactive functional 
group; Z = condensing silyl alkyl group; Q = polyoxyalkylene group; R « H, monovalent hydrocarbon 
group, or halogenated alkyl group; M - Y, Z, Q, or R; o - 0 to 500; p, q, r - 0 to 200): 



[see original for formula] 



[Effects] Superior hydrophilic property; useful, for example, as an adhesive modifier between two 
materials i (especially between an organic material and an inorganic material such as an inorganic filler) 
paint modifier, or fiber surface modifier, imparts superior weather resistance, heat resistance and 
durability. ' 
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[Claims] 

[Claim 1 ] Reactive organopolysiloxane that has at least one of each of the following bonded 
directly to silicon atoms within one molecule: 

a) an organic reactive functional group represented by the following formula: 

[see original for formula] 

(where R 1 represents a direct bond or a bivalent hydrocarbon group with 1 to 20 carbon atoms 
and X represents a functional group that has organic reactivity), 

b) a condensing silyl alkyl group represented by the following formula: 

[see original for formula] 
(where R 2 represents an alkylene group that has 2 to 5 carbon atoms, R 3 and R 4 independently of 
Sb^tr ^TsTa^d at ° m 01 ^ ^ 1 * 5 cartxa atoms > ** d a SwS 

c) a polyoxyalkylene group represented by the following formula: 

[see original for formula] 

(where R 5 represents a hydrogen atom, acyl group, or monovalent hydrocarbon group 1 
represents 0 or a positive integer, and m and n represent 0 or a positive integer of 1 50 or less but 
m + n equals an integer from 1 to 1 50). 

[Claim 2] Reactive organopolysiloxane represented by the following formula: 
[see original for formula] 

(where R independently of each other represents a hydrogen atom, monovalent hydrocarbon 
group, or halogenated alkyl group, Y represents an organic reactive functional group represented 
by the following formula: 

[see original for formula] 

(where R l represents a direct bond or a bivalent hydrocarbon group with 1 to 20 carbon atoms, 
and X represents a functional group that has organic reactivity), Z represents a condensing silyl 
alkyl group represented by the following formula: 

[see original for formula] 

(where R 2 represents an alkylene group that has 2 to 5 carbon atoms, R 3 and R 4 independently of 
each other represent a hydrogen atom or alkyl group with 1 to 5 carbon atoms, and a represents 
the integer 2 or 3), Q represents a polyoxyalkylene group represented by the following formula: 
[see original for formula] 

(where R 5 represents a hydrogen atom, acyl group, or monovalent hydrocarbon group, 1 
represents 0 or a positive integer, and m and n represent 0 or a positive integer of 150 or less, but 
m + n equals an integer from I to 1 50), M represents a group selected from the above-mentioned 
R, V, 2, and Q, o is an integer from 0 to 500, p is an integer from 0 to 200, q is an integer from 0 
to 200, arid r is an integer from 0 to 200, but when p is 0, M is Y and both q and r are integers are 
35K -c°n KT^A**; ? h t n q is , 0t ^ is Z and both p and r are integers of 1 or greater, and 
when r is 0. M is Q and both p and q are integers of lor greater) 
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[Claim 3- 1 Reactive organopolysiloxane described in Claim 2 wherein R represents a monovalent 
hydrocarbon group or chloroalkyl group. monovalent 

[Claim 4] Reactive > organopolysiloxane described in any of Claims 1 through 3 used as an 
adhesive modifier between two materials, a paint modifier, or a fiber surface modifier. " 

[Claim 5] Reactive organopolysiloxane described in Claim 4 used as an adhesive modifier 
between an organic material and an inorganic material. 

petailed Specifications] 

[0001] 

[Field of Industrial Use] 

This invention pertains to a reactive organopolysiloxane. More particularly, this invention 
pertains to a novel reactive organopolysiloxane that is useful as an adhesive modifier between 

[0002] 
[Prior Art] 

^anopolysiloxane that has a polyoxyalkylene group and an organic reactive functional 
group within one molecule is disclosed by United States Patent No. 4184004. In addition, 
organopolysiloxane that has an alkoxysilyl group and an organic reactive functional group within 
one molecule is disclosed by British Patent No. 1409741. However, when these 
organopolysiioxanes are used, for example, as adhesive modifiers between two materials 
(especially between an organic material and an inorganic material such as an inorganic filler) 
paint modifiers, or fiber surface modifiers, these have drawbacks such as poor reactivity with' 
materials m the first case and inability to control hydrophilic property in the latter two cases 
[0003] 

[Problems that the Invention is to Solve] 

The problems addressed by this invention are to solve the drawbacks described above and 
offer a novel reactive organopolysiloxane that shows superior weather resistance heat resistance 
and durability when used, for example, as an adhesive modifier between materials (especially ' 
between an organic material and an inorganic material such as an inorganic filler) a paint 
modifier, or a fiber surface modifier. 

[0004] 

[Means of Solving the Problems] 

As a result of extensive research, the present inventors discovered that the problems 
described above can be solved by a reactive organopolysiloxane that has at least one of each of 
an organic reactive functional group and a condensing silyl alkyl group bonded directly to silicon 
atoms within ona mefeeute, and «j achieved the present invention. 
[0005] 

* .u JS* ^ S invention Pertains to reactive organopolysiloxane that has at least one of each 
of the following bonded directly to silicon atoms within one molecule: 
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a) an organic reactive functional group (group Y) represented by the following formula: 

[see original for formula] 

(where R 1 represents a direct bond or a bivalent hydrocarbon group with 1*30 carbonatoms 
and X represents a functional group that has organic reactivity), 

b) a condensing silyl alkyl group (group Z) represented by the following formula: 

[see original for formula] 
(where R 2 represents an alkylene group that has 2 to 5 carbon atoms, R 3 and R< independently of 
«er SSS hydT ° gen at0m ° r *»* ^ 1 to 5 Carb °« anda" y te 0f 

c) apolyoxyalkylene group (group Q) represented by the following formula: 

[see original for formula] 

(where R 3 represents a hydrogen atom, acyl group, or monovalent hydrocarbon grouo 1 
represents 0 or a positive integer, and m and n represent 0 or a positive integer of 150 or less but 
m + n equals an integer from 1 to 1 50). ' 

[0006] 

. ^ invention especially pertains to reactive organopolysiloxane represented bv the 
rollowing formula: 7 

[see original for formula] 

(where R independently of each other represents a hydrogen atom, monovalent hydrocarbon 

h^SSSSSS^ Y represents 311 organic fUnctional ^ re p resented 

[see original for formula] 

(where R 1 represents a direct bond or a bivalent hydrocarbon group with 1 to 20 carbon atoms 
and X represents a functional group that has organic reactivity), Z represents a condensing silvl 
alky! group represented by the following formula: * 

[see original for formula] 

(where R 2 represents an alkylene group that has 2 to 5 carbon atoms, R 3 and R 4 independently of 
each other represent a hydrogen atom or alkyl group with 1 to 5 carbon atoms, and a represents 
the integer 2 or 3), Q represents a polyoxyalkylene group represented by the following formula: 
[see original for formula] 

(where R 5 represents a hydrogen atom, acyl group, or monovalent hydrocarbon group, 1 
represents 0 or a positive integer, and m and n represent 0 or a positive integer of 1 50 or less but 
m + n equals an integer from 1 to 150), M represents a group selected from the above-mentioned 
R, Y, Z, and Q, o is an integer from 0 to 500, p is an integer from 0 to 200, q is an integer from 0 
to 200, and r is an integer from 0 to 200 s but when p is 0, M is Y and both q and r are integers are 

n atCf J u VhC u n q iS J °' M iS 2 ^ both p and r are integers of I or greater, and 
when r is 0, M is Q and both p and q are integers of 1 or greater). 
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[0007] 

III the above-mentioned formulae, R independently of each other are a hydrogen atom . 
monovalent hydrocarbon group such as methyl group, ethyl group, propyl grou^^S? * 
octyl grouModecyl-group, phenyl group, or phenetyl group or a~l4£ena?ed JttSbSdi 

SSST" 1 ? ? f0UP 01 Ch !° roprOPyl W However, monovalent hydro Jb^Zs 
particularly methyl group, and fluoroalkyl groups are especially preferred 

[0008] 

it on R ' ? above - mentioned group Y is a direct bond or a bivalent hydrocarbon etoud with 
1 to 20 carbon atoms, such as -CH 2 -, -CH 2 CH 2 -. -CH^CH*-, ^(Oft)S^S)^ 

HCH 2 )e-, -(CH 2 ) 8 -, ^HiCHiCsH.-. -(CH 2 ) 12 -, or -(CH 2 ) l6 -, and preferably is a propyl ' 
group. X m group Y is a functional group that has organic reactivity, such as epoxy eroun amino 
group, hydroxyl group, carboxyl group, acyl group, mercapto group methacXlfn 
isocyamte group, ureido group, vinyl group, amido group, imido group, S g^Sdehyde 
group, mtro group mtryl group, oxime group, azo group, or hydrarine group. C?ncre TexalpL 
that can be ated of group Y include -<CH 2 ) 3 OH, -(CH 2 ) 3 SH, ^CH 2 ) 3 r£j 2 , KCH 2 )/cOOH 
-(CH 2 ) 3 OCH 2 CHCH 2 , and -(CH 2 ) 3 OC-C=CH 2) but are not limited to these 

W II I 

O O CH 3 

[0009] 

nJL*? ±& above - me ^°ned group Z is an alkylene group with 2 to 5 carbon atoms such 
as -CH 2 CH 2 -, -CH 2 CH 2 CH 2 -, -CH(CH 3 )CH 2 -, -<CH 2 ) 4 -, «W, and prefers an 
ethylene group R and R 4 independently of each other are a hydrogen atom or an alkyl group 

p e m at< T' SUCh 33 met V P 0 ^' ^ 8 rou P- P"Wl group, or butyl group 

Preferably. R is a methyl group and R is a methyl group or ethyl group, a is the integer 2 or 3 

ru™^' 3 iS Ptefeired ' Concrete exam P Ies ±&t can be cited °f>oup 2 include 
-CH^SiCOCH,),, -CH 2 CH 2 Si(OC 2 H 5 ) 3 , -CH 2 CH 2 Si(CH 3 )(OCH 3 ) 2 , 

-CH 2 CH 2 Si[OCH(CH 3 ) 2 ] 3 , -<CH 2 ) 3 Si(C 2 H 5 XOC 2 H 3 ) 2 , but are not limited to these. 

[0010] 

R 5 in the above-mentioned group Q is a hydrogen atom, an acyl group such as acetyl 
group or propionyl group, or a monovalent hydrocarbon group such as methyl group, ethyl 
group, propyl group, butyl group, phenyl group, or vinyl group. 1 is 0 or a positive integer and m 
and n are 0 or positive integers of 150 or less, but m + n equals an integer from 1 to 150 
[0011] 

Concrete examples of reactive organopolysiloxanes of this invention that can be cited 
include the following, but are not limited to these: 
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[see original for formula] 


0) 


[see original for formula] 


(2) 


[see original for formula] 


(3) 


[see original for formula] 


(4) 


[see original for formula] 


(5) 


[see original for formula] 


(6) 



[0012] 

♦u 7^ re ? Ctive "WPO Woxane of this invention can be manufactured by synthesis 
methods by prior art that are themselves well known. For example, in the case of the compound 
represented by the above-mentioned Formula (1), this is obtained by addition-reacting 
[see original for formula] 

with the corresponding methylhydrogen polysiloxane in the presence of aplatinum catalyst 
Similarly, m the case of the compound represented by the above-mentioned Formula (2) this is 
obtained by addition-reacting CH 2 =CHCH 2 OC-CK:H 2 , CHa-CHSKOCzHsk, and 

III 

OCH 3 

CH 2 =CHCH 2 O(C 2 H40)i 2 CH 3 with the corresponding methylhydrogen polysiloxane in the 
presence of a platinum catalyst. Furthermore, in the case of the compound represented by the 
above-mentioned Formula (3), this is obtained by addition-reacting CH 2 =CHCH 2 OH, 

CH 3 

I 

CH 2 -CHSI(OC 2 H 3 ) 3 , and CH 2 =CHCH 2 0(C 2 H40) 7 (CH 2 CHO)i 2 CH 3 with the corresponding 
methylhydrogen polysiloxane in the presence of a platinum catalyst In addition, in the case of 
the compound represented by the above-mentioned Formula (4), this is obtained by addition- 
reacting CHj-CHCHaCl, CH 2 =CHSi(OCH 3 ) 3 , CH 2 =CHCH 2 0(C 2 H40) 16 CH 3 with the 
corresponding methylhydrogen polysiloxane in the presence of a platinum catalyst, then reacting 
the product obtained with ethylenediamine. 

[0013] 

The reactive organopolysiloxane of this invention can be used, for example, as an 
adhesive modifier between two materials (especially between an organic material and an 
inorganic material such as an inorganic filler). This organopolysiloxane can be made the main 
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ingredient of an adhesive by using together with a natural rubber, a synthetic rubber such as 
styrene-butadiene copolymer rubber, butadiene rubber, isobutylene-isoprene copolymer rubber 
cnloroprene rubber, acrylonitrile-butadiene copolymer rubber, isoprene rubber, ethylene- 
propylene-diene copolymer rubber, or ethylene-propylene copolymer rubber, or a synthetic resin 
such as acrylonitnle-butadiene-styrene copolymer or polystyrene, or by blending with a rubber 
adhesive, urethane resinadhesive, or epoxy resin adhesive used when adhering these to other 
rubbers or resins. It also is effective as a surface adhesive between composites when blending 
rubbers and resins. Furthermore, the organopolysiloxane of this invention shows superior 
adhesive strength even when adhering organic materials such as the above-mentioned rubbers 
and resins to inorganic materials that include metals and inorganic fillers such as silica, quartz, 
talc, clay, zinc oxide, iron oxide, titanium oxide, aluminum oxide, calcium carbonate, aluminum 
hydroxide, mica, or carbon black, and obtains products such as reinforced plastics and high- 
strength elastomers that have high weather resistance and heat resistance. It also can be blended 
as a paint modifier with a paint resin comprised of a resin such as polyester resin or acrylic resin, 
and can obtain a coating that has superior weather resistance, durability, and heat resistance on 
surfaces such as metal, wood, or concrete. Furthermore, it may be applied as a fiber surface 
modifier to any type of fiber material, including natural fibers such as wool, silk, linen cotton, or 
asbestos, regenerated fibers such as rayon, cupra, or acetate, organic synthetic fibers such as 
polyester, polyester ether, polyacrylonitrile, vinylon, polyvinylidene chloride, polyvinyl chloride 
polyethylene, or polypropylene, and inorganic synthetic fibers such as fiberglass or carbon fiber ' 
Moreover, fiber surfaces can be treated in any form, such as weaves, knits, non-woven cloth or 
resin-worked fiber, with the result that properties such as weather resistance and durability are 
imparted to said fiber. Therefore, this invention pertains to use of the above-mentioned reactive 
organopolysiloxane of this invention as an adhesive modifier between materials, a paint 
modifier, and a fiber surface modifier. Of these, ideally, the organopolysiloxane of this invention 
is used as an adhesive modifier between organic materials and inorganic materials. 
[0014] 

[Working Examples] 

Next, this invention is explained in greater detail based on working examples, but this 
invention is not limited to these. 

[0015] 

Working Example 1 

80 g methylhydrogen polysiloxane represented by the following formula: 
[see original for formula] 

200 g toluene, and 10% ethanol solution of chloroplatinic acid such that platinum content was 20 
ppm were placed in a 1000 ml three-neck flask fitted with a mechanical agitator, condenser, 
thermometer, and nitrogen inlet. 22.8 g vinyl trimethoxysilane and 35.1 g 7-glycidoxy-l-propene 
were added gradually to this mixture at high speed so as to maintain the temperature at 80 to 
1 00 C C. Agitation was continued for 2 hours while maintaining this temperature, and the system 
was reacted. Furthermore, 230 g of allyl polyether represented by the following formula: 
[see original for formula] 
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were added gradually to this reaction mixture at high speed so as to maintain the temperature at 
80 to 100°C. Completion of this reaction was evaluated by whether the test of AgNCh to SiH 
was negative. Next, the reaction mixture was neutralized with NaHC0 3 , then filtered. When 
solvent was-removed by* rotary evaporator at 5G°C andi-mm Hg, 312 g organopolysiloxane 
represented by the following formula were obtained: 

[see original for formula] (A) 

[0016] 

Working Example 2 

When the same operations as in Working Example 1 were performed using 300 g 
methylhydrogen polysiloxane represented by the following formula: 

[see original for formula] 

200 g toluene, 1 1.6 g vinyl trimethoxysilane, 3.6 g y-glycidoxy-l-propene, 14.3 g allyl polyether 

represented by the following formula: CH 2 =CHCH20(C2H40)7CH 3 , and 10% ethanol solution of 
chloroplatinic acid such that platinum content was 20 ppm, 309 g organopolysiloxane 
represented by the following formula were obtained: 

[see original for formula] (B) 

[0017] 

Working Example 3 

When the same operations as in Working Example 1 were performed using 200 g 
methylhydrogen polysiloxane represented by the following formula: 

[see original for formula] 

200 g toluene, 100 g vinyl trimethoxysilane, 12 g allyl alcohol represented by the following 
formula: CH2=CHCH20H t 175 g allyl polyether represented by the following formula: : 

[see original for formula] 

and 10% ethanol solution of chloroplatinic acid such that platinum content was 20 ppm, 330 g 
organopolysiloxane represented by the following formula were obtained: 

[see original for formula] (C) 

[0018] 

Working Example 4 

When the same operations as in Working Example 1 were performed using 100 g 
methylhydrogen polysiloxane represented by the following formula: 

[see original for formula] 

200 g toluene, 55 g vinyl trimethoxysilane, 73 g allyl methacrylate, 209 g allyl polyether 
represented by the following formula: CH2=CHCH 2 0(C2H40)i 2 CH3, and 10% ethanol solution 
of chloroplatinic acid such that platinum content was 20 ppm, 362 g organopolysiloxane 
represented by the following formula were obtained: 
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[see original for formula] (D) 

[0019] 

The following tests were conducted using the organopolysiloxanes of this invention 
represented by Formulae (A) to (D) synthesized in Working Examples 1 to4 and 
organosiloxanes represented by the following Formulae (E) and (F) as controls for comparison: 

[see original for formula] (E) 

[see original for formula] (F) 

[0020] 
Test 1 

10 g of any of the test compounds of Formulae (A) to (F) were added to 100 g isopropvl 
alcohol aqueous solution (waterfsopropyl alcohol = 1/9) and blended until completed dispersed 
1.0 kg quartz powder was placed in a Henschel mixer, the test compound solution described 
above was added at a speed of 25 to 30 rnL/rnin over several minutes while agitating evenly and 
agitation and blending were continued for 30 minutes after addition was completed. After 
blending, the moistened quartz powder was removed, moved to a drying tray made of aluminum 
(40 cm x 40 cm x 5 cm), spread evenly to a thickness of 2 to 3 cm, and dried in a forced 
circulation dryer at 105°C for 1 hour. 1.0 kg Bakelite polyethylene DYNH, 1.0 kg quartz powder 
treated as described above, and 30 g Dicup (manufactured by Hercules) were blended at 121°C. 
Next, this was compression-molded at 177°C for 20 minutes, and the tensile strength of the 
molded product was measured. Results are shown below, but molded products that used 
organopolysiloxanes of this invention showed extremely high tensile strength compared to the 
blank and the controls. 



Test Compound 


Tensile Strength (psi) 


blank 


1700 


Invention Compound (A) 


2500 


(B) 


2300 


(C) 


2100 


(D) 


2100 


Control Compound (E) 


1300 


(F) 


1500 



[0021] 
Test 2 

500 g Bakelite epoxy resin ERL-2774, 400 g methyl nadic [as transliterated] anhydride 
(curing ogdnt). 2.5 g ben^yldimethylamine (catalyst), 10 g test compound, and 500 g woilastonite 
(calcium silicate) were blended. Next, this was cured at room temperature for 16 hours, then 
cured at 1 77°C for 2 hours. Flexural strength was found immediately after curing and after 
boiling 72 hours. Results are shown below, but products according to this invention showed 
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extremely high flexural strength compared to the blank and the control* hnth ; a- ♦ i a 



Test'Compound 



Flexural Strength (psi) 

immediately after boiling 
after curing 72 hours 



Blank 

Invention Compound (A) 
(B) 
(Q 

<P) 

Control Compound (E) 
00 



15800 
18000 
18600 
16600 
17700 
15300 
14900 



9800 
13200 
15100 
12500 
13000 

9200 
8800 



[0022] 
[Effects of the Invention] 

The reactive organopolysiloxane of this invention has at least one of each of an organic 
reaction functional group (group Y), a condensing silyl alkyl group (group Z^nd a * 
polyoxyalkylene group (group Q), and shows adequate hydrophUic property. Therefore because 
*e react™ organopolysiloxane of this invention dissolves or dispeLeasfly in water ^te 
and alcohol mixtures, when this is used as an adhesive modifier between mirials (elpSy 
between an organic material and an inorganic material such as an inorganic filler), a paint 
Zl? "J fibCr SUrfaCC m0difi6r ' or g^y«loxane disperses securely between L 
EJSS J? mpai ? S WeathCT resistance ' heat distance, and durability. In addition, 

because of its varied synthesis ingredients, the reactive organopolysiloxane of this invention can 
take on various molecular designs to fit different base materials to be modified or different 
applications, and can easily impart characteristics according to the design. 
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